T he medical home model is a primary care approach for prevention, care coordination, and management of chronic disease. 1 The model focuses on care that is comprehensive, patient centered, coordinated, accessible, high quality, and safe. 2 Although evidence is beginning to emerge about the benefits of medical homes for adults with chronic physical health conditions, people with severe mental illness (SMI), many of whom also have a high rate of physical comorbidities, may also benefit from the enhanced care provided by medical homes. 3 However, many primary care providers have limited training and limited experience managing people with SMI, especially managing bipolar disorder and schizophrenia. The team-based approach of medical homes offers primary care providers greater capacity to better address the needs of more complex patient populations such as people with SMI through greater contact and communication between primary care, specialty providers, and care managers. 4 Evidence is currently lacking, however as to whether medical homes for people with SMI in rural areas work as well as those in urban areas. 5 Primary care providers in rural areas often take a greater role than specialists in patient's mental health care. 6, 7 Rural-urban differences in health care patterns have been well documented, including among people with SMI. 6, [8] [9] [10] In rural areas, people with SMI are 2-3 times more likely to visit primary care providers than mental health providers for their mental health needs. 6, 7 In turn, primary care providers in rural areas often have more difficulties getting referrals to mental health providers than do their counterparts in urban areas. 6, 11 In addition, people with SMI in rural versus urban areas are more likely to use emergency departments or to be hospitalized for either physical or mental health problems. 12, 13 Compared with urban areas, the rural mental health system has fewer treatment and support resources available to people with SMI, which increases reliance on small numbers of primary care providers, social services, and informal care networks. 6, 14 In principle, a rural medical home might be able to mitigate some of these shortfalls. However, to date, most available medical homes studies have focused on urban rather than rural settings. 15, 16 The medical home model may help rural areas compensate for a lack of specialty providers through teams comprised of mid-level mental health specialists. It remains unclear whether the medical home model can reduce or overcome the rural-urban differences noted above. 17 The objective of this study was to examine the utilization of outpatient and inpatient services as well as medication adherence among people with SMI between rural versus urban medical homes. We hypothesize that, while urban medical homes will outperform rural medical homes on these indicators, rural medical home enrollees will fare better than nonmedical home enrollees in rural areas, even after controlling for selection differences. As found in previous work 18 and given greater physician confidence in managing depression in primary care than other mental disorders, 19, 20 we hypothesize that the medical homes effects will be different across SMI conditions, with the largest effect concentrated in people with major depressive disorder.
METHODS

Setting
The study examines the medical homes developed by Community Care of North Carolina (CCNC) for the North Carolina Medicaid program. 21 Implemented in 1998 as an enhanced primary care case management program, CCNC developed regional networks of primary care providers responsible for coordinating prevention, treatment, and referral services. 21 Each CCNC network includes local primary care providers, local hospitals, local health departments, and social services. During our study period, participating primary care providers received a $2.50 per member per month (PMPM) enhanced case management fee and each CCNC network received an additional $2.50 PMPM enhanced care management fee. 22 These enhanced care management fees support primary care providers and their networks in order to conduct comprehensive assessments, develop individualized care plans, coordinate care, monitor each patient's progress, hire local case managers and provide resources associated with managing beneficiaries, and focus on quality improvement. 22 It should be noted that the CCNC medical homes predate the National Committee for Quality Assurance (NCQA) recognition program by more than a decade and thus they may or may not be recognized as such by the NCQA. Although CCNC may not meet the traditional definition of a medical home, it has been consistently recognized as a medical home (Table 1) . [23] [24] [25] 
Data Sources and Study Sample
We obtained North Carolina Medicaid claims data through the Carolina Cost and Quality Initiative on individuals with major depressive disorder, bipolar disorder, and/or schizophrenia (www. shepscenter.unc.edu/ccqi/). Medicaid paid claims between January 1, 2004 and December 31, 2007 were collapsed to the personmonth level for this study. This time period reflects growing enrollment in CCNC medical homes by Medicaid enrollees with SMI, which is relevant to other states that are only now ramping up their medical homes programs.
The study sample included adults aged 18 years and older with major depressive disorder, bipolar disorder, or schizophrenia who were enrolled in North Carolina Medicaid at any point during [2004] [2005] [2006] [2007] . We limited the sample to include individuals who received at least 2 outpatient diagnoses or 1 inpatient diagnosis in the North Carolina Medicaid claims data. We excluded dual eligibles from the analysis because of the potential for incomplete data in the Medicaid claims on services and medications reimbursed through Medicare.
Measures
The outcome measures for this study were medical and mental health care utilization and medication adherence. We defined utilization as a count of the number of patient visits to the following health care settings regardless of diagnoses given: (1) primary care; (2) outpatient mental health specialty providers; (3) emergency department; and (4) inpatient hospitalization. We defined medication adherence by therapeutic class (antidepressants or antipsychotics) according to the proportion of days covered. 26, 27 This measure reflects the proportion as a fraction of the days in the month for which at least one medication was dispensed.
The main effect of interest was the interaction between the geographic area indicator and medical home indicator. The medical home indicator was a measure of whether a patient was enrolled in a medical home through the CCNC program in contrast to primary care practices that served Medicaid enrollees but were not paid the PMPM to serve as a medical home. We identified medical home enrollment from the Medicaid claims based on the presence of 2 fees: (1) PMPM enhanced case management fee to the primary care practice; and (2) PMPM enhanced care management fee to the affiliated CCNC network. Medicaid enrollees could switch in and out of medical homes on a monthly basis during the study period. We used the 2003 Rural-Urban Continuum Codes (RUCC) to categorize each North Carolina county as urban, nonmetropolitan urban or rural. 28 In North Carolina, 40 counties were metropolitan (RUCC 1, 2, or 3), 39 were nonmetropolitan urban (RUCC 4, 5, 6, or 7), and 21 were nonmetropolitan rural (RUCC 8 or 9). We chose a 3-level categorical variable instead of a dichotomous definition of rural and urban areas to capture the heterogeneity that exists within rural areas. 29 For simplicity, we only present the findings on urban and rural areas. We were interested in several comparisons involving the interaction between geographic areas and medical homes. First, we were interested in the differences in the outcomes across the urban and rural geographic areas. Next, we were interested in whether utilization and medication adherence differed among geographic areas for medical home and nonmedical home enrollees.
Control variables included measures for age, sex, race (categorized as white, black, or other), ethnicity (Hispanic, non-Hispanic), and the total number of physical health comorbidities ever diagnosed in the administrative data files during the study period.
Statistical Analyses
We adjusted for selection bias due to nonrandom assignment to the medical home using individual level inverse propensity score weighting. We controlled for demographic characteristics (age, sex, race, ethnicity, rural residence, number of comorbidities, comorbid mental health diagnoses, and Medicaid categorical eligibility as disabled) in the propensity score model. We selected these demographic characteristics as risk factors for the study outcomes, based, in part, on other analyses of medical homes for people with SMI. 18 The likelihood ratio test was used to check correct specification of the propensity score model, including tests of functional form and omitting variables. Details of the specification checks are reported as Supplemental Digital Content (Supplemental Digital Content: Methods Appendix, Supplemental Digital Content 1, http://links.lww.com/MLR/B612 and Table SDC 1, Supplemental Digital Content 2, http://links.lww.com/MLR/B613). We calculated the standardized differences of the means based on the absolute difference in the sample means divided by the pooled SD of each variable. 30 Standardized differences of the unweighted means showed a number of imbalances between the medical home and nonmedical home groups on the demographic characteristics. After the samples were weighted, the standardized differences were all <10%, showing a strong balance on all of the variables in each diagnosis group sample. 30 We then examined utilization and medication adherence with person-month level generalized estimating equation (GEE) models in order to account for the correlation across monthly observations for each individual. The utilization models used GEE with a negative binomial distribution, log link, and exchangeable correlation structure. The medication adherence models used GEE with the gamma distribution, log link, and exchangeable correlation structure. We selected the designated correlation structure for the utilization and medication adherence models based on lowest values of the quasi-likelihood information criterion. All models used robust SEs and were estimated in Stata 12. Results are presented as average marginal effects, which express the difference in each outcome between medical homes enrollees and nonenrollees, for each geographic area. These differences were simulated using the method of recycled predictions, across all individuals in the sample and thus reflect the full distribution of control characteristics statewide. Postestimation tests were then conducted on average marginal effects to determine if differences across the 3 geographic areas in utilization and medication adherence were significant.
The study protocol was exempted by the University of North Carolina, Institutional Review Board.
RESULTS
The final sample included 107,706 persons with major depressive disorder; 26,666 persons with bipolar disorder; and 15,636 persons with schizophrenia (Table 2) . A number of differences in the unweighted sample can be seen between medical home enrollees and nonmedical home enrollees with regard to sex, race, age, disability status, and diagnosis. Across the diagnosis groups, the majority of the sample lived in urban areas and was female. Although the majority of persons with major depressive disorder (64.3%) and bipolar disorder (74.7%) were white, the majority of people with schizophrenia were African American (55.2%). Most within each diagnosis group were enrolled in medical homes (62%-72%). Across all of the diagnosis groups, the average age was lower among medical home enrollees compared with nonmedical home enrollees (35.4-40.7 y). Fewer people with major depressive disorder and fewer bipolar disorder who were enrolled in a medical home were categorically eligible for Medicaid due to a disability compared with those not in a medical home (40.1%-48.2%). In contrast, a higher percent of people with schizophrenia in a medical home were categorically eligible for Medicaid due to a disability (89.9%) compared with those not in a medical home.
A review of the unadjusted monthly means for the utilization and adherence outcomes for nonmedical home enrollees indicated that while the number of monthly primary care visits was lower in rural versus urban areas for controls not in medical homes, the number of inpatient hospitalizations and emergency department visits were also lower, across all diagnosis groups (Table 3) . However, contrary to what was anticipated, rural nonmedical home enrollees had a higher number of monthly specialty mental health visits (4%-19% higher) and higher medication adherence (6%-13% higher) than urban nonmedical home enrollees. Similarly, the number of monthly inpatient hospitalizations was 9.5%-27% lower among rural nonmedical home enrollees than in urban nonmedical home enrollees for all diagnosis groups.
In multivariate analyses, people in urban medical homes had higher primary care visits, had higher medication adherence, and had lower inpatient hospitalizations and emergency department visits than people in rural medical homes (Table 4 and Fig. 1 ). The pattern observed between urban medical homes and rural medical homes varied somewhat by diagnoses. For example, we observed significant differences between urban and rural medical homes in higher primary care visits for persons with major depressive disorder (0.46 more visits/mo for urban medical homes vs. 0.38 more visits/mo for rural medical homes) as well as for persons with schizophrenia (0.55 more visits/mo vs. 0.4 more visits/mo), but we did not observe significant differences among persons with bipolar disorder.
As hypothesized, people in rural medical homes generally had higher utilization and medication adherence than rural nonmedical home enrollees ( Table 4 ). The pattern observed between rural medical homes and rural nonmedical homes varied somewhat by diagnoses. For example, each of the diagnosis groups in rural medical homes had higher monthly primary care visits than rural nonmedical home enrollees (0.38-0.49 more visits/month). However, medication adherence was higher among rural medical home enrollees than rural nonmedical home enrollees only for people with major depressive disorder (7.4 percentage points higher) and for people with bipolar disorder (4.5 percentage points higher). Similarly, only people with major depressive disorder and people with bipolar disorder in rural medical homes had fewer inpatient hospitalizations (0.13-0.22 fewer hospitalizations/mo) than rural nonmedical home enrollees.
DISCUSSION
With increasing interest in models of comprehensive, coordinated care for people with chronic conditions, understanding rural-urban differences in medical home utilization, and medication adherence is an important step in determining strategies to address rural-urban differences in care for people with SMI. The overall findings of this study support that the medical home can be an effective model for persons with severe mental illness in all geographic areas, although additional specialty mental health provider supports might prove useful for rural medical homes. Rural medical home enrollees generally had more utilization and higher medication adherence than rural nonmedical home enrollees. This finding is in line with a growing body of evidence in support of primary care based medical homes for people who were traditionally served by specialty care providers. 18, 31, 32 In addition, urban medical homes were higher than rural medical homes on nearly all of the outcomes considered for this study. These rural-urban medical homes effects varied somewhat across the SMI diagnoses, and were especially notable among persons with schizophrenia.
Our findings were consistent with the hypothesis that rural enrollees in medical homes would have higher utilization and medication adherence than rural enrollees in nonmedical homes, but mostly among persons with major depressive disorder. Historically, the SMI population has a high number of physical comorbidities, such as diabetes and cardiovascular disease that can be addressed in a primary care setting. 9, 33 However, people with SMI frequently do not access the primary care services needed to address their physical comorbidities. 34 We learned that, people with SMI in rural medical homes used significantly more primary care services and had higher medication adherence than rural nonmedical home enrollees. As a result, the SMI population in rural medical homes is now likely getting more of their physical health care needs met in primary care than nonmedical home enrollees. This is also evidenced by fewer inpatient hospitalizations and emergency department visits. Although we observed an already low number of inpatient hospitalizations among rural nonmedical home enrollees, after multivariate analyses, the number of inpatient hospitalizations among rural medical homes was even lower compared with rural nonmedical home enrollees. These fewer inpatient hospitalizations may be partially explained by higher use of primary care services by those enrolled rural medical homes. Our other findings were somewhat consistent with the hypothesis that people in urban medical homes would have higher primary care and specialty mental health service use as well as medication adherence while also having fewer inpatient hospitalizations and emergency department visits than people in rural medical homes. However, with the exception of primary care, the unadjusted means for nonmedical home enrollees in Table 2 showed that, people in urban areas had lower specialty mental health use, medication adherence, and higher inpatient and emergency department use than those in rural areas. Our multivariate analyses showed that urban medical homes had significantly higher access to care and medication adherence, while rural medical homes generally maintained a similar level of care across all SMI diagnoses in comparison with nonmedical homes. Further research that incorporates data from other states is needed to understand if the rural-urban variations in care observed in North Carolina are unique or a part of a broader mosaic observable elsewhere. 95% confidence intervals are in parentheses. All models control for age in quadratic form, sex, race, and ethnicity. *Medication adherence for persons with bipolar disorder only measures adherence to mood stabilizers.
Finally, the findings for persons with schizophrenia in particular differed from those for persons with major depressive disorder and bipolar disorder. After propensity weighted adjustments, the effect of medical homes across all of the utilization measures was more pervasive in urban compared with rural areas for people with schizophrenia. The difference in findings for persons with schizophrenia in comparison with persons with major depressive disorder and bipolar disorder suggests that a primary care based medical home might not be the ideal setting to address the physical and mental health care needs of people with schizophrenia. The complexity of managing their care needs may fall outside the training of a primary care provider. Primary care providers have been shown to be more confident managing major depressive disorder than more complex conditions like schizophrenia. 19, 20 Persons with schizophrenia in particular are less likely to receive minimally adequate care in the primary care setting than persons with major depressive disorder. 35 The health home, a variation on the medical home model specified in the Affordable Care Act, is a Medicaid option that focuses on people with chronic conditions, including mental health conditions. Under health homes, states have the option of allowing providers other than primary care providers to serve as a patient's designated "home" provider; this includes community mental health centers or other agencies/professionals that provide mental health services. 36 Allowing persons with schizophrenia to designate a mental health provider as their health home may help address the utilization differences that exist across geographic areas. This type of medical home would allow the patient to designate a mental health provider as their medical home, but the mental health provider either co-locates with a primary care provider or facilitates coordination and communications with a primary care provider to ensure that the patient's physical health needs are met. 37 Further research is needed on the impact of health homes for people with SMI as well as differences across geographic areas in health homes. Given that Medicaid is the largest payer of mental health services, additional research on how the types of changes in utilization across geographic areas we observed here impact the total costs of care would be particularly useful for states planning and implementing medical home models for persons with severe mental illness. There are several limitations of this study. The data did not provide information on the severity of symptoms (mental health or physical health) or on other clinical measures, which would have been beneficial as control variables. As a result, some selection bias into medical home enrollment may remain on factors unobservable in our data. In addition, the data did not include information on care management actually provided. Data on care management would improve our understanding of how differences in the operation of medical homes impact the rural-urban differences. Finally, the measure for inpatient hospitalizations does not include state psychiatric hospitals because of Medicaid's prohibition of payments to Institutions for Mental Disease (IMDs) for adults aged 18-64. As a result, measures of inpatient hospitalizations may be underestimated because they do not capture psychiatric hospital use that may occur for some SMI patients. Despite these limitations, the data available for this study provided a strong start to examining differences in patterns of care brought about by medical homes in rural and urban areas.
States have an interest in evaluating how health services resources are allocated to communities within their jurisdictions. Findings from this study suggest that implementation of the medical home model in rural areas may help to reduce differences in care that exist between rural and urban areas for some people with SMI.
